Abstract: Liver cirrhosis is the most common disease, which caused many serious problems in adults and also old people. Much advancement has been arrived in the treatment and diagnosis of cirrhosis, still identifying the exact affected region is a challenging one. Content-based image retrieval in the identification of liver cirrhosis is a popular task performed usually, in which many techniques are introduced by the researchers so far. This paper is a part among all, which focus on providing the efficient detection of cirrhosis on the basis of separation and location of nuclei method. The liver cells are classified, and the overlapping of nuclei and non-nuclei cells is separated to evaluate the distance among them so as to locate the disease. The classification of cells is implemented with the help of adaptive regularised Kernel fuzzy C-means technique, and the distance between consecutive nuclei and non-nuclei is estimated by using earth mover's distance. The experimental results and their analysis describe that the proposed method performs well than the other methods.
Introduction
Cirrhosis of the liver is a growing disease indicated by the replacement of liver cells by fibrous tissue, nodules, and vascular deformity leading to systemic complications and serious end stage liver diseases. World health organisation depicts that 130-150 million people have chronic hepatitis C disease globally. If untreated, those patients may easily contain liver cirrhosis due to lack of medical attention (Anand, 1999) . Cirrhosis is called to be one of the end stage diseases, in which chronic hepatopathies can lead suddenly to hepatocellular carcinoma. The liver cirrhosis can be identified by studying and analysing the granular structure of liver parenchyma and also the problems of external surface of the liver such as un-uniformity and roughness (Heidelbaugh and Bruderly, 2006) . Ultrasound imaging is the widely used technique to locate and diagnose the affected regions in the liver using advanced image processing tools. Later, in the detection method, ultrasound is replaced with CT image technique. So that the physician or the researchers can easily variate the normal cell from the defected part (Akgül et al., 2011) . Then, the quantitative method or action to characterise the different stages can be preceded with the details provided from the CT images (Wetzel et al., 1999) . The digital imaging process is the latest technology used by all the leading institutions in a routine manner. The rate at which the images and videos are being created has resulted a remarkable need to develop an efficient content-based image retrieval (CBIR) method (Caicedo et al., 2008; Libbrechtet al., 2002) that allows one to quickly characterise and locate images in large collections based on the features of a given query image (Tsukamoto et al., 1995) .
Content-based image retrieval is considered to be the most dynamic research areas in the wide range of imaging informatics over the few decades (Schwimmer et al., 2005; Borzio et al., 1995) . This particular research is an effort or attempt of liver cirrhosis detection and classification based on their ranges, structure and texture pattern. This paper also presents a simple yet efficient image retrieval approach by proposing a cirrhosis detector and descriptor of liver, namely the adaptive regularised Kernel fuzzy C-means (ARKFCM) algorithm in which the normal cell and cirrhotic liver are differentiated based on the separation of nuclei present inside the cells. The basic cell structure is analysed, and they are separated as nuclei and non-nuclei cells, for further locating the problem. Then the distance between those nuclei and non-nuclei are calculated with the help of earth mover's distance (EMD) measure method present in the histopathological liver cell. This method is able to identify which part of the liver image is infected with the help of this nuclei identification process with the combination of ARKFCM method. The diagnosis of cirrhosis scheme in this proposed method includes image registration, feature extraction, feature selection and image retrieval. The proposed EMD-based ARKFCM method is extensively tested on an online medical image database. The results indicate that cell-based ARKFCM is much more efficient and effective than representative feature descriptors, such as Gabor features and multitextons histogram, for image retrieval. Aggarwal et al. (2016) presented a method for liver cirrhosis detection by ultrasound image data. The region of interest (ROI) was selected from the ultrasound images and studied from a report generated by a radiologist. The liver cirrhosis is identified by the results detected with the help of improved local binary pattern, OTSU methods. The experimental results from the proposed method demonstrated its feasibility and applicability for highperformance cirrhotic liver identification. Qi et al. (2014) presented a CBIR framework consisting of set of rules and evaluate them using two dissimilar pathology applications from which the study of pathology is made. The experimental verification shows the comparative performance of this new technique in every part of the course. In addition, they extended and measured a system to proceed the execution of the algorithms over the distributed resources. This showed that the degree of parallel searching from the similar images present in the dataset has reduced the entire computational time of the CBIR algorithms. Caicedo et al. (2008) proposed an algorithm based on template matching. The algorithm is based on grey-level difference and simple mathematical operation. The lesions of different sizes and shapes can be easily detected. This algorithm overcame some difficulties happened in the process of biomedical applications on images. This particular algorithm continued in a manner of semiautomatic and later modified to form a fully automatic system to detect the lesions formed over the liver. The algorithm was evaluated on different CT, MR and US abdominal images. The experimental results expose the efficiency of this technique consisting a reliable detection than the other methods. The problem of computational complexity has been reduced to a great extent with less time requirement. Thus, the algorithm helped to identify different Focal Liver Lesions (FLL) efficiently. Arakeri and Reddy (2012) has proposed a novel technique on the CBIR approach for a distinctive diagnosis of tumour from the liver in CT images, whether it is benign or malign to assist the doctors or radiologists to take further treatment. The shape features are extracted using the Fourier descriptors method, and the texture features are acquired using MPEG-7-based Gabor filter and edge histogram methods. PCA has been employed in this system to reduce the dimensionality of the features followed by the similarity matching process, which is done by the cluster indexing method. The approach was tested on medical images from the database content of 764 CT liver tumour images. The experimental results show that this method has retrieved similar images from the database effectively as a response to the query image.
Literature review

Proposed system
In this paper, we present a novel ARKFCM algorithm that is regularly tested on images of cells obtained from cirrhotic liver specimens. The CT images, each of size 381 × 331 in DICOM format, are specified in two categories as normal and cirrhotic liver. The ROI is selected from both normal and cirrhotic liver CT images in the range of 50 × 50 sizes. Cell-based ARKFCM approach was applied on to the selected templates of both normal and cirrhotic livers.
Let I be an image that consists of a set of i x grey-scale images at pixel ( 1,2, , )
respectively, in the k-dimensional area and the cluster centres 
Using the membership function from the alternate optimisation and the cluster centres that are updated iteratively
The presence of noise can be decreased by adding the spatial information of neighbouring pixels that is denoted as
where parameter α used to denote spatial information. Then i N and r N are the set of pixel and cardinality of the pixels employed in this system.
To avoid the neighbourhood function to be calculated at every step, the term
In addition, a Gaussian Kernel-based FCM is proposed, which calculates the parameter j η at every step of the iterations to replace α for every cluster. The kernel functions are used here to calculate the parameter value, which is
where K is the kernel function. The general identification of K requires a large number of patterns and many cluster centres to find the optimal value for j η . To overcome this problem, the combination of spatial context and grey-scale information are made using a fuzzy factor. The fuzzy factor ij G was included in the objective function of the FCM as follows:
Then the altered fuzzy factor ij G′ has been derived as ,
(1 ( , )). 
The introduced regularisation term
The parameter α used is to estimate the power of noise present in an image. Initiating the regularisation parameter needs prior knowledge about noise which is not easily possible.
The adaptive technique is carried away by defining the covariance information of the pixels. The distribution of pixels and their relationship is estimated by adding a regulating factor to each pixel value with the help of covariance matrix. The process calculates the inverse value from the covariance between neighbourhood pixels and the centre pixel.
Consider the covariance equation of pixels i x and i v as follows:
where k x the grey scale of any pixel falling in the local window is set i N around the pixel and i x is its mean grey scale value. Then the covariance equation cov ( , ) i i
x v is applied to derive the corresponding weights within the local window, and it is denoted as i ω .
. cov( , )
This can also be determined as 1 cov( , )
The regularisation parameter is calculated with the ultimate weight assigned to every pixel in the local window: 2 2 .
The parameter i ϕ assigns higher values for those pixels with high covariance, i ϕ will be 2 i ω + , and i ω will be large when the sum of covariance within its neighbourhood is large and lower values otherwise. The proposed parameter i ϕ is embedded into Eq. (5). The i ϕ will get into a homogenous clustering according to the nuclei distribution whereas the other existing algorithms tend to make the clustering that yields more homogeneous labels by incorporating the contextual information. The histological identification and location of nuclei are not much easy as it contains many similar nuclei and their cells. Normally, 2D analysis of the disease detection is risky than the 3D view. The investigation of 2D view shows many overlapped cells and regions even though some space is found between them; thus, it is necessary to calculate the distance between the nuclei. By identifying the distance between the nuclei, the infected cells are easily identified. In this paper, EMD measure is used to calculate the distance that are proceeded below.
Measuring distance using EMD method
The distance between the numbers of nuclei present in the cirrhosis analysis is calculated with the help of a method called EMD. It is a commonly used method to evaluate dissimilarity range between two multidimensional distributions in feature space, in which the distance measure between single features is called as ground distance.
Thus, the Euclidean distance (EuD) term
where K is the EMD function. The EMD equation can be written in the Gaussian form as mentioned in Eq. (13):
The proposed framework
The adaptive regularisation parameter and EMD are now replaced into the objective function of FCM as
This equation will goes into an alternate optimisation to produce ARCFCM ( , ) J u v as given in Eqs. (15) and (16).
With the help of Eq. (14), the images are classified, and the nuclei present in the cells are separated; the distance is measured, and identification of diseased part is made in detail to further diagnose it. The EMD-based similarity analysis in liver histopathological cells provides a legible identification of the nuclei that are located closer. The evaluation of distance is useful for improving the performance of the algorithm ARKFCM and further helps in avoid eliminating the errors caused in the implementation. Thus, the EMD-based ARKFCM algorithm performs in an efficient way than the other earlier systems.
Experimental results and discussion
The propose ARKFCM is analysed and verified with the help of histopathological image examination. Several histopathological features may be useful for the application of classification equation, from which a suitable image are selected, and experiments are done.
Experimental setup and implementation
The evaluation of the proposed method is done on a part of the Liver data set. The images are cropped as 32 × 32 from the original high-resolution histopathological images. The nuclei in these tiles are manually weakly annotated by the well-trained pathologist.
The images for experiment are taken from the database MICROSCOPY U that serves the source of image for microscopy education. It provides comprehensive information and resources on optical microscopy, digital imaging and photomicrography. Hepatocellular Carcinoma is one of the cirrhosis disease caused in the liver cell. The sample histopathological images of this hepatocellular carcinoma are taken from the above-mentioned database and the experiments are done. The input histopathology image taken from the database is shown in Figure 1 . Figure 2 shows the preprocessed or enhanced image, which is formed by adding filtering and noise removal techniques. The enhanced image is applied with ROI, and the highlighted part is taken into consideration that is shown in Figure 3 . The training set is consisting of image patches extracted from the weakly affected images. In the testing stage, we first extract the image patches centred at each pixel of the testing image and apply the trained ARKFCM method to these patches for producing the output probability labels.
Analysis of existing segmentation algorithms
The results from the application of conventional FCM and K-means algorithm are studied to analyse the accuracy of performance for our particular algorithm. Figure 4 shows the segmentational results from the application and implementation of K-means algorithm in the ROI region of histopathological liver image taken from the database. 
ARKFCM analysis
The proposed ARKFCM is used for segmenting the nuclei and non-nuclei regions from the histopathological ROI image. Two sets of images Figures 6 and 7 are given below, which show the results acquired on the application of ARKFCM for two times. On both the set of images, it fails to provide the three clusters of cells. Thus, two sets are compared and combined to produce the final ARKFCM resultant segmented cells that are shown in Figure 8 . Then both the images are analysed for producing the final image containing legible clustered cells, from which the three consecutive clusters as visibly seen.
In Figure 8 , it is clearly visible that it consists of many overlapping regions of cells. The overlapping stage caused by the combination of two nuclei or two non-nuclei does not produce any problem. Again, overlapping of nuclei and nonnuclei regions as given in Figure 9 will produce problems in the location of nuclei. Thus, it is necessary to separate the nuclei and non-nuclei overlapping that gives raise to the Watershed method of separation.
The Watershed method is applied to the abovementioned image of overlapped regions, and the separation procedure is done as shown in Figure 10 . Figure 11 shows the separated nuclei representation from the previous image representation.
The entire set of image is approached as mentioned above nuclei separation method, and the ARKFCM resultant image is divided as nuclei regions and non-nuclei regions, which is given in Figures 12 and 13 . 
EMD-ARKFCM implementation
Finally, the distance between the nuclei and non-nuclei cells are calculated using the EMD calculation method. The distance values obtained from the EMD are verified by the comparison of it with the traditional EuD measure algorithm in this experiment. The results obtained from the two EuD and EMD distance measure algorithm are identified, and the consecutive values are compared with respect to the three compared FCM, K-means and ARKFCM algorithms, shown in Table 1 . The values given in the table show that proposed EMD method provides good distance measure when compared with the earlier EuD method. Table 2 represents the performance of EMD-based ARKFCM method on the basis of precision, recall and accuracy metrics. Precision is the ratio of retrieved instances that are similar, whereas recall is the ratio of similar features that are retrieved. In general, both the precision and recall evaluation are based on understanding the measure of similarity. The similarity analysis of precision and recall with the inclusion of accuracy is found for both Euclidean and EMD methods. The results are formulated by comparing the three algorithms same as mentioned in Table 1 , as FCM, KFCM, and proposed. The values from the performance measure in Table 2 show that the EMD-based ARKFCM method has good performance measure than the other two methods.
Conclusion
In this paper, the developed methods for applying CBIR technique to the problem of cirrhosis diagnosis in general have achieved successful detection of affected disease part using the EMD method of distance measure between the nuclei and the classification of cells using the ARKFCM method. The results acquired from the experiments with liver histopathological cell show the efficiency of the proposed method. The table denoting the comparison of distance measure in recognition rate represents the performance of EMD with the traditional Euclidian distance measure. It also proves that EMD shows better accuracy than the EuD method. This EMD-ARKFCM-based CBIR framework allows the concept of inventing new methods and new areas of pathology from this method that can be incorporated in the database of cirrhosis histopathology without any change in the overall entire system in the future.
